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SUMMARY
Somemeasurementsweremadeoftheaerodynamicforcesandmmnents
actingona rectangularwingof aspectratio2 whichwasoscillatedabout
themidchord.Thesemeasurementsweremadeat fourfrequencies(31,43,
54,and62 cps)overa rangeofMachnumberfrcm0.15to 0.81,a rangeof
reducedfrequencyfrcxn0.15to 1.32,anda rangeofReynoldsnumberfrom
0.60X 106to9.21x 106. Itwasfeasibleto compareresultsofa por-
tionof thesemeasurementswithsomepublishedexperimentaldataand,in
general,reasonableagreementwasfoundto exist.An appendixis included
to showthecorrectionoftherootreactionforinertiandaerodynamic
effectsin orderto determinethetotalaerodynamicload.
Comparisonofthemeasuredaerodynamicforcesandmomentswiththose
predictedby themethodofReissnerandby themethodofLawrenceand
Gerberforwingsofaspectratio2 in incompressibleflowshowedgenerally
goodagreement.Cmparisonofthemeasuredquantitieswiththosepredicted
by two-dimensional-flowtheoryindicatedthattheeffectsoffinitenessof
spa ontheaerodynamicforcesandmomentsareconsiderable.Someexperi-
mentalresultspertainingtotheinfluenceofwind-tunnel-walleffectson
nonsteadyaerodynamicmeasurementhavebeenincluded.
INTRODUCTION
A needexistsforexperimentalmeasurementsof oscillatingairforces
becauseof thesignificanceoftheseforcesinflutterandrefitedfields,
andin ordertoassesspastandpresentheoreticalwork. Ikspitethe
importanceoftheproblem,onlya limitedamountof data,bothexperimental
lSupersedesrecentlydeclassifiedResearchMemorandumL53F19by Edward
Widma.yer,Jr.,ShermanA. Clevenson,andSbner A. Leadbetter,1953.
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andtheoretical,existsforrestrictedrangesofaspectratio,Mach
number,andReynoldsnumber.(See,forinstance,ref.1.) v
Theoreticaltreatmentofaspect-ratioeffectsontheoscillatory
aerodynamiccoefficientsforsubsonicspeedsis ina stateof develop-
mentandisnotyetina formconvenientfornumericalcomparison.
Thereis difficultyinmathematicallyrepresentingthephysicalphenbmena
andcertainassumptionsecessaryto obtaina solutionaredoubtful,par-
ticularlythoseassociatedwithtipeffects.Consequently,current
experimentalmeasurementswillbe comparedwithreadilyavailableexperi-
mentalandtheoreticaloscillatorycoefficients.
Thispaperpresentsomeexperimentalmeasurementsoftheoscilla-
toryaerodynamicforcesandmomentsactingona rectangularwingof
aspct ratio2 whichwasoscillatedaboutthemidchord.Thesecoeffi-
cientsarepresentedfora rangeofreducedfrequencyfromO.1~to1.32
andfora rangeofMachnumbersfromO.1~to0.81. TheReynoldsnumber
rangedfrom0.60x 106to 9.21x 106. Thesemeasurementsweremadeby
usinga resonantoscillationtechniqueintheLangley2-by &foot
flutteresearchtunnelwithairorFreon-12asa testingmedium.A
comparisonofthemeasuredvalues has beenmadewithsomeexisting
experimentaldataad withtheresultsof theanalysesofreferences2
and3,thatiS, ofReissnerandofLawrenceandGerber.In orderto
establishsomeconvenientreferencevalues,coefficientsfortwo-
dimensionalincompressibleflow(ref.4) areindicated.Theresults
arepresentedintabularformforquantitativeevaluationsndingraphi-
calformforqualitativeexaminationa dcomparison.
SYMEOLS
—
A aspectratio
a speedof sound,fps
c chordofwing,ft
EI bendingstiffnesswhere E isYou&’smodulusand I is
sectionmomentofinertia ,
g8 logarithmicdampingcoefficientofwingIn a nearvacum
gt or ~ logarithmicdsmpingcoefficientofwinginairstream
H tunnelheight,ft
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effective
-c
effective
inertiaof oscillating
deformationf system,
systemaccunting9ft-lb-sec2radianfor
springconstmtofoscillatingsystem,ft-lb/radian
reduced-frequencypsrameter,ac/2v
springconstantofa simplemass-springsystem,ft-lb/radian
oscillatingliftvectoractingonwingforoscillationsabout
midchordaxis,positivewhenactingdownwwd,
,( )i~t:q?!Le 180 .
-(fipv%cItiI)(Z1+ iZ2)ei&
nondimensional
displacement
nondimensional
velocity
coefficientof liftinphasewithangulsr
coefficientof liftinphasewithangular
Machnumber
oscillatingmomentvectoractingonwingforoscillationabout
midchord,referredto theaxisofrotation,positivefor
leadingedgeup,
,%,;(4) = (fi/2)pv2sc2~a I(ml+ im2)ei*
wingmass,slugs
nondimensionalmomentcoefficientinphaaewithangular
displacement
nondimensional
velocity
momentcoefficientinphasewithsingular
Reynoldsnuniber
semispanofwing,ft
time, sec
velocityoftestmedium,fps
spanwisecoordinate
deflectioncoordinate
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engleofincidenceat s/2 spanstationasa functionof
time, Ialeiti,radians
phaseanglebetweenmomentvectorandincidencevector,
tsn-1(m2/m~),deg
massdensityoftestmedium,slugs/cuft
phaseanglebetweenliftvectorandincidencevector,
tan-l(z2/21),*g
circularfrequency
circularfrequency
circularfrequency
radisms/sec
A dotovera symbol
of oscillationfwing,radians/see
offirstnatural.wingbending,radians/see
ofoscillationfwingina nearvacuum,
indicatesa derivativewithrespectotime.
APPARATUSANDMETHOD
Tunnel
,
TheLangley2-by k-footflutteresearchtunnel-wasusedforthe
testsreportedhereinwiththetestsectionmodifiedtoberectangular
in shape,measuring45.75by 24inches.Thetestmediumswereairand
mixturesofairandFreon-12asnotedforeachsetof data.Theuseof
theairandFreon-12mixtureas a testmetiumpermitstheattainmntof
approximatelytwicethereducedfrequencyobtainedinairfora given
Machnumberandfrequency.ThechokingMachnumberforthesetestswas
approximately0.92. Thewingwasmountedinthetestsectionas shown
infigure1 andwithitswallreflectionhadan aspectratioof2.
WingModel
Thesemispanwingmodelhada rectangularplanformwitha 12-inch
chordanda 12-inchsemlspsncorrespondingtoanaspectratioof2.
Fabricatedconstructionwasemployed;a steelboxsparcarriedfour
evenlyspacedribstowhichplywoodskinwasattachedforminganNACA
65A010airfoilsection.Thewingwasdesignedtohavehighnatural
u
v“
—
*
w
.—
.
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frequenciesin orderto reducetheamount
forcesdueto elasticdeformationsandto
5
ofcorrectionto the~asured
bendiruzinertialoads.The
firstnaturalcantileverbendingfrequencyrange~fran125to 130cps.
Thesemispanwingmodelwasmountedasa cantileverbeamat the
tunnelwallinan oscillatormechanism.me mountpemittedthewing
to oscillateinpitchaboutthemidchordaxis. Thewingwasmassbal-
ancedaboutthisaxisof oscillationi sucha waythattherewereno
liftreactionswhenthewingwasoscillatedina nearvacuum.
OscillatingMechanism
Theoscillating~chanismmaybe consideredas a simpletorsional
vibratorysystemas illustratedinfigure1. Thesystemconsistsof a
torsionspringwhichisfixedat oneend,a hollowsteelshaftwhichis
supportedbybearings,andthesemispauwingwhichhasa baseplatethat
isflushwiththetunnelwall. Themechanismwasoscillatedintorsion
atthenaturalfrequencyofthesimplespring-inertiasystemby applying
a harmonicallyvaryingtorquethroughtheshakercoilsattachedto the
shaft. Differentspringswereusedtopermita choiceoffrequencyof
oscillation.Thespringsusedandtheresultingtorsionalnaturalfre-
quenciesin a vacuumwereasfollows:
Spring ~ %CJ
radians~sec
A 31X 2YC
B 43
c %
D 62
Thebearingswerecontainedinhousingswhichwerecarriedon
columns. Thesecolumnsweredesignedto includestress-sensitiveregions
andwereequippedwithstraingagesfrcmwhichtheaerodynamicliftcould
be determined.Theverticalreactionsat thefixedendof thetorsion
springwerenegligiblebecauseoftherigidityofthesteeltibeandthe
smalldeformationsexperiencedby thestrain-gagecolumns.
Theelectromagneticshakersconsistedof stationarycoilsfurnishing
a steadymagneticfieldandmovingcoilswhichwereattachedto thesteel
shaft.Themovingcoilsweredrivenby a variable-frequencyoscillator.
6 NACATN424o
Themovingcoilswerealinedsothatthedirectionoftheappliedforce
wasperpendiculartothedlreclxl.onofthelift.Provisiofiwasmadefor
interruptingthepowertothemetingcoilsinorderto obtaina power-off
decayingoscillation.
Instrumentation
Theinstrumentationoftheexperimentwas.&signedtoprovidesignals
thatwerea measureoftheliftandangulsrpositionat anyinstantandto
providea meansofmeasuringtheiraqplitudeandtimerelationship.The
liftreactionswereconvertedtoelectricalsignalsbymeansofwirestrain
gagesattachedtothesupportingcolumns.Thegageswereconnectedso that
onlyliftingloadsweresensed.Anelectricalsignalfrcma wirestrain
gagemountedonthetorsionspringsoas to sensetorsionalstrainswas
calibratedtogivetheangulardisplacementintermsofthewingincidence.
Thesignalswerefilteredandmeasuredwithvacuum-tubevoltmeters.
Theangular-positionsignalwasrecordedona recordingoscillograph
duringthedecayoftheoscillationforthepurposeofobtainingthe
dsmpingfactor.Thephasemeasurementsweremadewithanelectronic
counterchronograph.Thetimelapsebetweena givenpointona liftsignal ‘
anda correspondingpointonthepositionsignalwasmeasuredwhilethe
wingwasoscillatingata constantfrequency.Theperiodof oscillation m
wasmeasuredwiththisinstrumentby determiningthetimelapsebetween
correspondingpointsonthesam?si&l.’
Calibration
Theangularpositionofthewingwas
signalfromthetorsionstraingagesby a
—
dymunicallycalibratedwiththe
photograp~ctechnique.Time
exposuresweretakenofa finechordwiselineonthetipofthewingfor
variousamplitudeswhilethesignaloutputwasrecorded.Theamplitude
ofoscillationfthewingwasobtainedfromtheenvelopedpositionof
thelineonthewingtipandcorrelatedwiththestrain-gagesignal.By
usingthisprocedureanda lineontheleadingedge,itwasdetermined
that,at themaximumfrequencyofoscillation(62cps),thetipangleof
incidenceexceededtherootangleofincidenceby lessthan2 percent.
Thesignalsfromthebalancecolumnswerecalibratedin termsof
poundsofforceperunitofsignalstrength.Knownloadswereapplied
tothewing,andthecolumnreactionsweredeterminedby treatingthe
wingshaftsystemasa simplebeamwithoverhang.(See,forinstance,
fig.1.) Thereactionforceswerethenrelatedtotherespectivesignals,
Themeterswerecalibrateddynamicallyb usinga voltagedividereferred
totheopen-circuitcalibrationfthestraingages.Thevacumn-tube- 4
voltmeterreadingsarebelievedtobewithin*4percentoftruesignal.
l
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b ordertominimizerrorsin
electricaloperations,a tarevalue
readingby applyingeitherthelift
7
phaseangle @ introducedinthe
ofphaseanglewasobtainedat each
orincidencesignalsthroughboth
channeisof theelectricalcircuits.Thephase-measuringsystemwas
calibratedatvariousfrequenciesby usingstandardresistance-
capacitancephase-shiftcircuitsandby usinga cam-operatedsetof
cantileverbeamsonwhichstraingageshadbeenmounted.Thelatter
ssmtemhaddistortionandnoiseendapproximatedtheworsttunnelcon-
&tion. Calibrationsof thephaseme~& indicatedthat
maybe determinedwithin*30oftruevaluewitha noisy
withini_O.50oftruevaluewitha cleansignal.
IktaReduction
thephaseangle
Si@ld. and
TheliftforcesasreceivedfromthebalancescontainanaeroCQmsmic
componentandan inertiaccmponentwhicharisesfrcmthebendingdefama-
tionofthewing. b orderto correcthemeasuredliftto theaerody-
namiclift,itwasnecessaryto correctfortheinertiaforcesdueto
wingdeformation.A discussionofthiscorrectionisgiveninappendixA.
Theinclusionofthiscorrectionleadsto a factorwhich,whenmultiplied
by themeasuredlift,givestheactualappliedWt. Valuesofthefactor
are0.98forspringA, 0.95forspringB, 0.91forspringC, and0.87for
springD. In orderto estimatethepossiblerrorincurredby neglecting
theaerodynamicforcesandmomentsarisingfromthebendingdeformation,
theseforceswereincludedintheanalysisin appendixA andwerefound
tobe lessthan1 percentofthecorrectionduetowingdefamationcaused
by theinertiaforces.Thephaseangle @ containeda componentdueto
theseforcesthattendedtoincrease@ by lessthan1°. Themomentsdue
tothebendingdeflectionwerefoundtobenegligiblerelativetothe
=itude ofthemeasuredmoment.As theaerodynsniceffectsduetowing
bendingwerewithintheaccuracyofthemeasurement,no effortwasmadeto
adjustforthesequantities.
Thein-phasemomentwasdeterminedfromthechemgeinresonantfre-
auenc~duetoairflowiruzoverthewingas indicatedinreference5.
&nce”thetorsionaldamping
quencyisneglectedandthe
moment.Thecoefficientof
wasrelati~elysmall,itseffectonthefre-
entireshiftisattributedto thein-phase
thein-phasemomentisgivenby[)]-%‘% 2-1ml = g pv’2c%%C
Thedependencyof ml onthesmalldifferenceoftwo
ssmemagnitudeleadsto considerableossin accuracy
quantitiesofthe
andconsequent
8scatterinthedata. This
springsC andD thatthose
Thequadrature-moment
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d-
scatterbecamesolargeforthetorsional
coefficientsarenotpresented. v
coefficientwasdeterminedby operatingon
thelogarithmicdecrementofthepower-offdecayoftheoscillation.
Thecoefficient~ wasgivenby
—
Is~2
L (-)] -
%aC 2
-%2= gt- — gs$ p$c% ml
Thederivationof--thisequationistreatedinappendixB.
Thephaseangle Elbetweenthemomentvectorandtheangleof inci-
dencewasobtainedfromtherelationship0 . (/tan-l-~ml). Thelackof
precisionofdeterminingml and ~ directlyaffectsthedegreeof
accuracyof El;thevaluesof 0 arenotexpectedtobemoreaccurate
thantheircomponents.
RESULTSANDDISCUSSION
—
Theexperimentalresultsforthemeasuredaerodynamicforcesand
momentsarepresentedintablesI toIV. Theseresultscoverfourover-
lappingrangesofreducedfrequency(onerangeineachtable)because
theMachnuniberwasvariedovera rangewhilethefrequencyvariedonly
a sma~ amount(duetothechangeinaerodynamicmoment).Themeasured
valuesofliftandmomentcoefficientsandtheirrespectivephaseangles
areshownintablesI and11,whereasthein-phasemomentsandmomentphase
anglesareomittedfromtables111andIV.
ThecalculatedvaluesofthevarioustheoriesaregivenintablesV
toVIIforconvenienceofdiscussionandcomparisonwithexperimental
coefficients.Somecalculatedvaluesarealsoshowninvariousfigures
foreaseincomparingtrends.Experimentaldatarelatingtotheinfluence .-
ofwind-tunnelwallsontheaerodynamicforcesandmomentsarepresented
intableVIII.
Beforepresentingtheactualcoefficientsofliftandmomentand
theirrespectivephaseangles,theeffectofMachnuniberandReynolds
numiberon thecoefficientswillbebrieflymentioned.A comparisonof
someof thecurrentdatawillthenbemadewithsomeotherexperimentally
determinedcoefficientsobtainedfromanothersource(ref.6). Compari- .
sonsof thecurrentdatawiththetwoaspect-ratiotheorieswillthenbe
made. Forreference,coefficientsfortwo-dimensionalincompressibleflow
—
l
..
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willalsobe shown.Thesectionwillbe concludedwitha briefdiscussion
ofwind-tunnel-walleffects.
A studywasmadeto determinetheeffectsofMachnumberandReynolds
numberon theaerodynamiccoefficients.Sincethetestingtechniqueused
didnotreadilypermiteitherk, M, or R tobeheldconstantwhile
theremainingtwopar~ters arevaried,a considerableamountof cross
plottingwasnecesssxyto obtainanyindicationofaneffectduetoMach
numberorReynoldsnumber.Insufficientdatawereavailableforthis
purposeandmuchextrapolationa dinterpolationwerenecessary.In
lightoftheexperimentalinaccuracies(perhapsof theorderof thepar-
ticulareffectsought)andtheoperationsnecessaryto obtaintheresults,
no quantitativeinformationcouldbe obtained.Thisstudyindicatedthat
theaerodynamiccoefficientpossiblywasinfluencedto someextentby both
ReynoldsnumberandMachnumber.However,fortherangesofspeedand
frequencycoveredinthisseriesof e~riments,theoveralleffectsof
theReynoldsnumberandMachnumberappearnottobe offirstorderad
tolieperhapswithintheaccuracyof theexperiment.
~ tiewof thepaucityofexperimentallydeterminedoscillatoryaero-
&@smiccoefficientsforfinitewings,itis of interesto comparethese
datawithavailabledatafromothersources.Reference6 haspresented
experimentaldatafora rectangularwinghavingthesameaspectratioand
axisofrotationas thewingdiscussedherein,butfora lowerrangeof
MachnumberandReynoldsnumber.It shouldbe remarkedthatthereare
differencesin techniques;themomentcoefficientsofreference6 were
obtainedforthecaseof steadyoscillation,whereasthemomentcoeffi-
cientsofthepresentpaperwereobtainedfromthemethodof decaying
oscillations.However,inreference5 itwasshownthatfora two-
dimensionalwingthedampingmomentobtainedfromsteadyoscillations
wasinagreementwiththatobtainedfromdecayingoscillations.
A comparisonoftheresultspresentedhereinwiththosepublishedin
reference6 is showninfigure2. Itmaybe seenthat,forthemagnitudes
oftheliftandmoment,thereisgoodagreement.Thisagreementis grati-
fyingand,sincedifferentmethodsofmeasurementwereused,themagni-
tudesshownmaybe consideredvalid.Largediscrepanciesmaybe noted
betweenmomentphaseangles.Thedataof reference6 fallckse to a
phaseangleof @ andshowsanevalueswhichindicatenegativeaerodynamic
damping.Thereasonsforthediscrepancyinthemmnent-phase-angle
resultsbetweenreference6 andthepresentpaperarenotlmown.A C0311-
parisonof currentmoment-phaseangleswithresultsof calculationsi
presentedsubsequently.
Additionaldataontheexperimentaldamping-momentcoefficientshave
beengiveninreference7. Thesecoefficientswereobtainedby themethod
of decayingoscillationsfora rectangularwingofaspectratio2 with
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pitchaxisat themidchord.Theresultsofreference7 arecomparedwith
thedataof thispaperin figure3,thesolidanddashedcurvesbeing w
takenfromreference7 andthesymbolsrepresentingresultsfromthis
paper.DespitethedifferencesinReynoldsnumber,itmsybe notedthat
thedatafrcmthepresentinvestigationareinbasicagreementwithother
publishedresults.
Thecomparisonsoftheexperimentalcoefficientsandphaseangles
withthetheoreticaloscillatorycoefficientsandphaseanglesfora
finitewingwillbemadeonlyfortheincompressiblecaseinthispaper.
Theresultsof twotheories,namely,thoseofReissner(ref.2)and
LawrenceandGerber(ref.3),werereadilyavailable,whereascoeffi-
cientsforfinitewingsincompressibleflowwerenot. Inmakingthese
comparisons,it isrecognizedthatReissnerlimitstheapplicabilityof
histheorytoan aspectratioof3. No efforthasbeenmadein this
papertoevaluatetherelativemeritsofthetwotheories.Inorderto
illustratetheinfluenceof finitenessof span,furtherccsnparisonsf
.—
theexperimentaldatahavebeenmadewiththecoefficientsfora two-
dimensionalincompressiblefluid(ref.4). Thesecomparisonsmaybemade
by referringtofigures4 to8.
Infigure4 maybe seen’thecoefficientofthemagnitudeof thelift
4
vectoras a functionof l/k. Inthispresentationitshouldbe recalled
thatthedatafordifferenttorsionalspringsata givenvalueof l/k u
wereobtainedatdifferentMachnumbers.Itmaybe seenthat,forthe
lowvaluesof l/k,experimentaldatafallbetweenthetheoryofLawrence
andGerberandthetheoryofReissner,whereasforthehighervaluesof
l/’k,.thetheoryofReissnerappearstobe inagreementwiththedataand
thetheoryofLawrenceandGerberfallsbelowthemeasuredliftcoeffi-
cients.ThehigherM valuescorrespondto thehigherl/k values.
Thesteady-stateliftcoefficientscorrectedforaspectratioby the
factor~ fortheincompressiblecase-redby thefactor
A+2
A 4~- +2
as suggestedinreference8 forthecompressiblecaseevaluatedfor
M= 0.70 alsoareshowninfigurek. Thevalueoftheincompressible
amroximationto thesteady-stateliftcoefficientisa fairrepresenta-
t~~nof theexperimentalvaluesfor
mentalvaluesdonotappeartovary
Aby thecorrection—. Thus,it
A+2
liftcoefficientcouldbe usedasa
l/k &eaterthan1.5. me experi-
appreciablyfromthevaluedetermined
mightappearthatthesteady-state
basisforestimatingthemagnitude
of theliftcoefficientovera considerablerangeofreducedfrequency.
Theinadequacyof estimatingthesecoefficientswithtwo-dimensional
incompressible-flowtheorywithno correctionrmodificationisalso
indicatedinfigure5. Thiscorrectionwouldappeartovaryforthis
casefrom0.67fora valueof l/k of2.5to O.% fora valueof l/k
of 6.0.
=-
.
“i
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ThemeasuredphaseangleoftheliftvectorforspringA is compared
theoreticalphasea?@es in figure5. l!hetheoriesmaybe notedto
agreeingeneral‘&dthe~heoryofReissneris ingoodagreementwiththe
measuredvalues,thetheoryofLawrenceandGerberfallsabovethe
meastiedvaluesby a fewdegrees,andthetwo-dimensional-flowtheoryis
seento fallbelowthemeasuredvaluesby a fewdegrees.‘Thephaseangle
as givenby theaspect-ratiotheoriesardasmeasuredappearsto
approximatea linearfunctionofreducedfrequencyintherangeof k
fram0.2to0.7. Sincethefrequencywasessentiallyconstantfora
giventorsionalspring,thelowvaluesofreducedfrequencywereobtained
at thehighervaluesofMachnumber.h general,thephaseangleof the
liftappearstobepredictedby theaspect-ratiotheoriesofreferences2
and3.
~thoughsomeofthemomentcoefficientshavealreadybeenpre-
sentedasmagnitudesandphaseangles(fig.2),thecomponentsof the
measuredmomentsarecomparedwiththecoqonentsof thetheoretical
moments.It isfeltthat,sincethemeasuredvaluesweredeterminedas
components,it isappropriateo comparethesevalueswiththeoretical
components.By referringtofigure6 itmaybe seenforthein-phase
nmmentcoefficientthattheaspect-ratiotheoriesgivevalueswhichsre
ingeneralagreementwiththedata. Thetwo-dimensional-flowtheoryis
givenforreferenceonly.Withregerdto thevaluesgivenby theaspect-
ratiotheories,it isseenthatthereislittledifferencebetweenthem
althoughthetheoryofIaxrenceandGerberappearstoagreea little
betterwiththemeasuredvalues.Oneothercomparisonthatmaybe made
iswiththesteady-statevalueof themomentcoefficient,forwhichthere
isno dampingmoment. AThecoefficientswiththecorrection— and
A-t-2
includingcompressibility
Ati
aretidicatedinfigure6. It
M2+2
appearsthatthesteady-statecoefficientuncorrectedforMachnurber
butcorrectedforaspectratiocouldbe usedas a basisforestimating
themagnitudeofin-phasemomentcoefficientsovertherangeof l/k
greaterthan1.5.
Theexperimentaldamping-moment-componentco fficientsandthe
theoreticaldamping-moment-componentco fficientsareshownin figure7.
Thetwo-Mmensional-fluwtheoryisgivenagainforreferenceonlyand,
of course,needslargecorrectionfactorstomakeitapplyto thedata.
Thescatterinthedatain conjunctionwiththepossibleinfluenceof
MachnumberandofReynoldsnmuberprecludesexactconclusionswith
respectotheagreementof thedatawiththetheoreticalcoefficients
of theaspect-ratiotheories.Althougheachoftheaspect-ratiotheories
isto someextentinagreementwithmeasuredcoefficientsforthedamping
12
momentoversomerangeof
theorycoverstheoverall
l/k,
range
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itmaybe notedthatneitheraspect-ratio
adequately. k
Thephaseanglebetweenthemomentvectorandtheangular-position
vectorwasobtainedfromtheratiooftheout-of-phaseandIn-phase
momentcoefficientsandis showninfigure8. Thescatterinthedata
isattributedto thescatterpresentinthecomponentsofthemament
coefficients.Itmaybe seenthatthemeasuredcoefficientsarein fair
agreementwiththecoefficientsgivenby theaspect-ratiotheoryof
Reissnerfor l/k greaterthan2,whereasthetheoryofLawrenceand
Gerbergivesslightlylowervalues.Inthisinstance,it appearsthat
thetwo-dimensional-flowtheorypredictsubstantiallythessmevalues
as theaspect-ratiotheoriesalthoughitisslightlydifferentintrend.
Beforeclosingthediscussiononthemeasuredaerodynamiccoeffic-
ients,it isappropriateomentionthepossibleinfluenceofwind-
tunnel-walleffectsonthemeasuredquantities.An analyticalinvesti-
gation(ref.9) of theeffectsofwind-tunnelwallsonsirforcesona
two-dimensionaloscillatingwingat subsonicspeeddemonstratedthe
possibility,undercertainconditions,oftheexistenceof largetunnel-
walleffects,associatedwithan acousticresonancephenomenon.Itwas
alsopointedoutthatsimilarconditionsexistforthree-dimensional
flow. Itwasshowninthisreferencethata conditionfora maximumofr ~2~2distortionis satisfiedby theequationMcr= 1 - —~2a2 where Mcr is
theMachnmnbercorrespondingtothecircularfrequencyofoscillationu
andtunnelheightH atwhichthephenomenonwilloccur.Thesymbola
representsthespeedof sound.At thepresentime,no quantitativecal-
culationsfora finitewingareavailable.
Forthepurposeofshowingtheproxi.@tyofthedatareportedherein
to theregionofcriticaltunnel-wallinterferencebasedontwo-dimensional
flow,plotsof k againstM forthevarioustorsionspringsareshown
witha curveof criticaltunnel-walleffectsinfigure9. Thecurves
markedA, B, C, endD arewellawayfromthecurveof criticalwalleffects
and,thus,thetunnel-walleffectsmightbe expectedtobe small.The
rsmgeof criticalMachnumberMcr forthedatagivenintld.spaperis
between0.89and0.96,whereasthehighestMachnumberreportedis 0.81.
ThecurvemarkedD’ intersectsthecriticalcurveat a valueof M = 0.47
or k = 0.77andrepresentsdatafromspringD inlRreon-12.Saneevidence
ofthetumnel-walleffectsbasedonthe D’ curveis showninappendixC.
—.
.—
J
--
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CONCLUDINGREMARKS
.
.
Somemeasurementsoftheoscillatingaerodynamicforcessndmoments
actingon a rectangularwingofaspectratio2 oscillatingaboutthemid-
chordweremadeatfourdifferentfrequencies.Themeasurementswere
madeovera rangeofMachnumberfrom0.15to0.81,a rangeofReynolds
numberfrom0.60x 106to9.21x 106,anda rangeofreducedfrequency
fromo.1~to 1.32.
Appendixesarepresentedto showthecorrectionoftherootreaction
forinertiandaeroelasticeffectsin orderto determinethetotalaero-
dynamicload,to showthedeterminationftheaerodynamicdamping-mom~nt
coefficient,SJN3to showsomeexpertientalevidenceofwind-tunnel-wall
effectson an oscillatingwing.
A studyoftheeffectsofMachnumberandReynoldsnumberindicated
that,intherangeoftheexperiment,heoveralleffectsappearedtobe
small,althoughtherewereinsufficientdataevento determinequalita-
tivelytheirtrends.Thephaseanglebetweentheliftvectorandangular
positionwasseentovaryfairlylinearlyovertherangeofreduced-
frequencyparsmeterstudied.Thein-phaseliftandthein-phasemoment
remainedessentiallyconstantwithchangeinfrequencyparameter,whereas
thequadratureliftandquadraturemomentwerefoundto increasewithan
increasein frequencyparameter.
Canparisonsofthedataweremadewithexistingpublishedataand
withtheoreticalincompressiblecoefficientsobtainedfromtheaspect-
ratiotheoryofReissner,theaspect-ratiotheoryofLawrenceandGerber,
andthetwo-dimensional-flowtheory.A comparisonoftheexperimental
dataofthispaperwithotherexperimentaldatashowedthatgoodagree-
mentwasobtainedforthosecoefficientshatcouldbe accuratelydeter-
mined.Inthecomparisonof thesedatawiththetheoreticalcoefficients
itwasfound,asmightbe expected,thatthetwo-dimensional-flowtheory
wasinadequateforpredictingtheexperimentalcoefficients.However,
thecoefficientsgivenby theaspect-ratiotheoriesweregenerallyin
goodagreementwiththeexperimentaldata. “
LangleyAeronauticalLaboratory,
NationalAdvisoryCommitteeforAeronautics,
LangleyField,Vs.,June17,1933.
.
.
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APPENDIXA
CORRECTIONOFROOTREACTIONFORINERTIANDAEROKLASTIC
EFFECTSTODFXTRMINETHETOTALAERODYNAMICLOAD
Inthepresentexperimentona cantileverwing,knowledgeisdesired
of thetotalaero@mmicloadwhichdevelopsolelyfromthetorsio~
oscillationsof thewing. Thisaerodynamicloadisnoteqpalprecisely
.
to thereactionat thewingrootbecauseofthepresenceof secondary
bendingreactionswhichcomeas a resultof thefreedomof thewingto
be excitedslightlyina bendingoscillation.A correctionmust,there-
fore,be appliedto themeasuredrootreactiontoobtaintheaerodynamic
load.associateddtiectlywiththetorsionalmotion.Thisappendixderives
andshowsthemagnitudeofthiscorrection.Thederivationismadein
generaltermsofa wingofvariablecrosssection;thecorrectionisthen
appliedto theuniformwing.
On thebasisoftheengineeringbeamtheory,thedifferentialeqm-
tionforbendingof thewingis .
(Al) “
where g isthestructuraldampingcoefficientand p istheintensity
oftheappliedloading.Whenstripanalysisapproachis chosen,the
loadingforthecaseunderconsiderationmaybewritten —
Yrpc2
P=-ti-~ Y-; PCV(F+ iG)t+ P (A2)
Thefirstterminthisexpressionistheinertiaforceassociatedwith
thewing mass; the second and third terIIISrefer}respctivelyjtothe
“apparentair-mass”inertiaeffectandtheaerodynamicdampingassociated
withbendingoscillations;~d thefo~th term p referstothetor-
sionallyinducedaerodynamicloading,whichhereis regardedas the
“appliedforcingfunction.”Thesecondandthirdte~ wereestiblis~ed
byusingoscillating-flowtheoryfortwo-~nsionalincompressibleflow
asa g’~de;thelift-curveslopea andt=
whicharelikethein-phaseandout-of-phase
cients,aretobe selectedasappropriateo
F and G coefficients:’
Theodorsenfluttercoeffi’-
thecasebeingtreated.
,
.
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Sinceharmonicmotionisinvolved,theloadingatithedeflection
maybe written
P= L(x)eiti (A>)
Y= Y(x)eimt (A%)
Now,withtheuseof equations
where
(A2)and
a-i
(A3),equation(~) reducesto
$@vm(F+ i~)Y+L (A4)
A convenientandfairlyaccurateapproximatesolutionto thisequation
canbe obtatiedby expressingthedeflectionintermsofthefundamental
bendingvibrationnmdeof thewing,thechoicehereof onlya singlenmde
expansionbeingconsideredadequatesincetheforcingfrequenciesu ed
in theexperimentswerebelowthefundamentalwingfrequency.Thus,
where al representsthe
isgivenintermsofunit
Y=a~
responseamplitudetobe determinedand
tipam@itudeandsatisfiestheeqution
InaccordancewiththeGalerkinprocedureforsolvingdifferential
(A5)
Y1
(A6)
equa-
tions,equation(A5)is substitutedintoequation(A4)whichis then
multipliedby yl andintegratedoverthesemispanofthewing. The
result,withtheuseofequation(A6),is
16 NACATN4240
sa% a?(F+ iG)Al+al(l+ ig)~2Ml= al~l -ia~-—
J
Ly~dxfik o
(A7)
where
~ _ @cr2
.—
4
k &Cr=—
2V
and Cr is some convenientreferencechord,usuallytakenataboutthe
three-quarter-spanstation.Thedesiredresponsesmplitudecannowbe
determineddirectlyfromequation(A7);hence,
ps
t ion
TheloadingorIthebeamis
of equations(A3)and(A7)
—
.
i ‘-
.-
.
nowwrittenintermsof al. Substitu-
intoeqyation(A2)gives
-1{c-92Y1 +du?yl - u eicuti ~ pcvu(F+ iG)ylal+ LP= 4 2
NACATN 424o 17
.
“
.
.
Therootshearorreaction,whichmaybe designatedVoeM, maybe
foundby integratingthisloadingoverthelengthof thebeam;thus,
{r (#Voeiut. &N1 - ~(F+ ~G)a % ]r)-Y Bl al+fi Ldx ew (J19)o—
where
J’sN1 = F&ld%o
Ehibstitutionof equation(A8)intoeqyation(A9)andcancellationf the
harmonictermsgives
where
N1 aG%%c!l=-+.——Ml fikMl
(Ale)
(All)
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As statedearlier,knowledgeisdesiredofthetotalaerodynamic
loadthatis associatedwiththetorsionaloscillationsofthewing.
Thistotalloadisfounddirectlyfrcmequation(A1O)tobe
Thisequation,
a phasesngle,
(%
L/Ldx=o
where
Js Ldx= D1+ iDp V.o Cld+ Dl+ i(C2d+D2)
whenexpressedin thecompleynotationofa modulusand
becomes
&_& . tm-~ (ClD2- C2Dl)d
d(C~~+ C@2) + %2+ D22
(A13)
x
#
—
.
.
Thisisthefinalequationsought.Thus,themagnitudeofthetorsionally
inducedairloadis foundsimplybymultiplyingK by themagnitudeof
themeasuredrootshear;thephaseangleinradiansbetweenthisloadand
therootshearisgivenby ~. A wordaboutthecoefficientsCn, %,
and d maynowbe in order.Alltermsinthesecoefficientswhichcontain —
thelift-curveelope a arerelatedto theaerodymsmicdampingeffects
associatedwiththeb-endingoscillations.A comparisonofthesecondterm
withthefirsttermin D2,forexsmple,willindicatehowstrongthe
aerodynamicdsmpingisinrelationtothestructuraldamping.Thenon- -
dimensionalterm d maybe seento dependonthedistributionftheair
load L(x). Formostpracticalcases,’it is consideredsufficientto
evaluatethisfactoronthebasisthattheairloadhasanelliptic —
distribution.
Somesimplificationresultswhentheaforementionedrelationsare
appliedtothecasetreatedherein,thatis,toa uniformcantileverwing.
Inthiscase,it iseasilyshownthat
.
.
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r.s I
Hence,
and,foran assumedellipticloading,
>
(ink)
(Al>)
In
forthe
d = 0.29
ordertodeterminethecorrection
fourdifferentspringcotiinations
(Jwz)
K andthephaseangle @l
thatwereusedinthetests,
20
equations(A12)and (A13)wereused
structuraldampingcoefficientused
lift-curveslopewastakenequalto
NACATN 424o
?
togetherwithequations(A15).The
forthewingwas g = 0.008.The *
thetheoreticalvalueof2Xmulti- _
Apliedby theoftenusedaspect-ratioc rrection—A+2 andwasthus
takenas x sincethewingisofaspectratio2. The F and G func-
tionswerearbitrarilychosenas thosefortwo-dimensionalincompressible
flow. Theresultsobtainedforthefourcasesareshowninthefollowing
table:
II [StructuraldampingIBothstructuralnd
Torsion
I
only, a = o-W x(a)-l aerodynamicdampingspring [ 1
K ~, deg K
A 0.98 O.ow 0.98
B g
.95 .030
54
.93
c l91 .060 .91
D 62 .87 .093 .87
h, deg
0.06
.11
.19
.30
.
Inorderto gainan insightas tohowaerodynamicdsmpingeffects
comparewithstructuraldampingeffects,thecalculationsweremadefor .
twoconditions:(1)withstructuraldampingonlyand(2)withboth
structuralandaerodynamicdampingincluded.Thetableshowstheresults
forthesetwoconditions.No differencesarenotedin K forthesetwo
conditions.However,K decreasesfroma valueof0.98toa valueof
0.87as theforcingfrequencyincreases;therebya correctionthat
rangesfrom2 to13percentis inticated.Althougha differencein
phaseangleisnotedforthetwodampingconditions,thehportantthing
tonoteis thatinallcasesthephaseangleisa negligiblequantity;
NACATN424o 21
DE2ERMINXIYON
APPENDIXB
FTHEAERODYNAMICDAMPING-M(XENTCOEFFICIENT
b thisappendixthemethodusedinobtainingtheaerodynamic
damping-momentcoefficientfiomthepower-offdecayingoscillationsof a
torsionalspring-inertiasystemisgiven.By assuminga linearproblem,
particularlywithrespecto theaerodynamiccoefficients,andby using
theconcepthatthestructuraldampingmomentisinphasewiththe
angularvelocitybutproportionaltotheangulardisplacement,he
differentialequationofmotionofthesystemisgivenby
Is&+k~(l+ igs)u=~pv%c2a(ml+ ~) (Bl)
.
or
~+C+iBm=o
A
where A, B, and C demte coefficients.By definition,
~ V%c%.ll
c
ks-2p
-=
A Is = 92
and
Equation(Bl)hasa solutionofthefo~otingform(see,forinstance,
page86ofref.10):
(B2)
22 HAM IIN42&0
Forsmallvaluesof 1,equation(B2)becomes
CL. ,.,eq’I)+i(’+$]qa.eq (-l+$
Forthelogarithmicdecrement,eqyation(B3)at t = O becomes
and,after n cycles,at t f= 2mlq,
or
1+0 ean—=
a n
(B3)
(B4)
By takingthenaturalogarithmofbothsidesofequation(~),
IIa.A= J=- loge.--=
m Ialn ~
whichismeasured.withewingsubjectedtoairflow. I&cmthedefini-
tionof’A,
(B5)
NACATN 4240
z
Since
s
and
then
23
(B6)
lZquation(B6)istheformusedinthereductionof thedamping-moment
datainthispaper.
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APPENDIXc
l
l
SCMEEXPHUliENTALEVIDENCEOFWIND-TUNNEL-WALLEFFEK!TS
ONAN OSCILLATINGWING
Thisappendixispresentedtodocumentdatarelatingto somewind-
tunnel-walleffectson oscillatingairforcesandmoments.Theproblem
of theeffectof thepresenceofwind-tunnelwallsonmeasurementsper-
tainingtoairfoilsandwingsinthesteady-statecasehasbeenresolved.
Theproblemfortheconditionofunsteadyflowhasbeentreatedtheo-
reticallyby Reissnerinreference11,Jonesinreference12,andTimman
inreference13 fortheincompressiblecase,andby RunyanandWatkins
inreference9 forthetwo-dimensionalmibsonicompressiblecase.For
theincompressible-flowcondition,theinfluenceofthetumnelwallshas
beenfoundtobe comparativelysmallformostcases,althoughindications
aregiventhat,forsomerangesof 2v/cu),theeffectmaybe verylarge.
Forthecompressible-flowcase,reference14 indicatesthepossibility
of obtaininga resonantconditionwhichmightresultina misinterpre-
tationof themeasuredquantities,thecriticalconditionfortherec-
tangulartunnelbeinggivenby
2, and3.
Reference9 indicatesthat
theestablishmentoftransverse
@I/a = (2m- 1)3-ril where m = 1,
thisresonantconditioncorrespondsto
v locitieshavinga maximumamplitude
.
*
.
.—
at theairfoil.Thesetransversev locitycomponentsaltertheeffec-
tiveangleof attackandthusaffect heairforces.Sucha condition
mightbe expectedtobe obtainedforthefinitewing,althoughthe
behaviorof themeasuredforcesandmomentsinapproachingthevicinity
of the“critical”conditionMY notnecessarilyfollowthepatternof
thetwo-dimensionalwing.
An indicationthata distortiona da resonamceis experiencedby
oscillatingwingshas.beenobtainedexperimentally.The6edataarepre-
sentedintableVIIIsndfigures10and11. Itmightbe remerkedthat “-” -
thephenomenahavealsobeenobservedforthetwo-dimensionalwingin
connectionwiththeworkofreference5. Thepeculiarbehaviorofthe
dataintheneighborhoodftheMachnmnberwhichis criticalforthe
resonanceconditionis strikinglydemonstratedby the@ing-moment .
coefficients.(Seefig.10.) Forthefinitewing,thesedatatendto
yieldpeakvaluesof thedamping-momentcoefficientinthevicinityof
the“criticalMachnumber.”Itis ofinterestonotethatthisbehavior- “=
istheinversetothatobservedforthedataoftheinfinitewingofref-
erence13. ~is inversionmaybeattributedtotheintroductionf three- .
dimensionaleffectsintotheproblem.
.
4
8
l
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Figurel.1indicateseffectsofwallinterferenceon theoscillating
liftcoefficients.As thecriticalvalueof I/k isreached,thelift
coefficientdropsoffandthereisa definitedipinthecurve.
Thesedatahavebeerlpresentedtofurnishsomeevideaceof the
natureof theeffectsof tunnelwallsontheaerodynamicforces=d
momentsactingonanoscillatingwing. It isevidenthatsomecaution
isrequiredto avoidconditionsleadingto theseeffect$.
l
.
.
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370:~
??j83
43>.42
457.08
493.41
z8.47
533.26
w.!%
357.42
572.C9
577.E2
25:;
608.13
~2.:
.
0.148
.181
.205
.231
.2>3
.*
,y)l
.316
.3X3
.353
.3n
.389
J+21
.442
.459
.468
.470
.424
.492
.m
.517
.518
.536
.554
r .
TABLBIv.- Ei2mImi!c ALIWAFOR TtREU0WiLt3FRRWD
~at Medium: h]
k
l.klyc!
.8962
.mm
.6915
.6584
.*3
.3X
.5099
.4814
M&
.4131
.3788
.*3
.%58
.3365
.3353
.ymk
.%!!=4
.3174
.Ym
.3063
.X@
.291.8
I/k
0.916
1.115
1.268
1.448
1.%5
1.7c0
1.870
1.950
2.ci3
2.20
2.31
2.42
2.E4
2.76
2.89
2.97
2.93
3.05
;.OJ
3:25
3.26
3.33
3,43
Iul
).03680
.05653
.03599
.03598
.03516
.03434
.03078
.032$
.03283
.03160
.o~ol
.0311.9
.a+ml”
.a2763
.02627
.w!fw
.036*
.(zx4!s
.W627
.cam
.02668
.W462
.@620
.Cewl
R
0.893x Id
1.093
1.229
1.374
1.491
1.6IJ.
I.-m
1.24A
1,976
2.055
2.132
2,199
2.422
2.516
2.588
2,.653,
2.55
2.63
2.8~
2.73
2.83
2.8v
2.$4
3.dt
9
31.76
*.39
27.57
26.$KI
27.95
30.44
30.24
27.09
24. TI
28.21
23.19
20.~
13.70
12.y2
12.29
1.2.g
13.39
13.45
u.23
8.90
8.88
9.93
8.9!
8.94
] LI
~+%clal
1.565
1.230
1.299
1.247
1.138
1.033
.95
.860
.894
.W
:?3
.Wk
.m
.8*
.929
.M
.937
.897
.*
1.053
I..018
.%’5
1.060
11
1.330
1.o12
1.151
1.112
1.023
.891
.m
.766
.8U
.&l
.776
.882
.821
.898
.873
:E
.911
.&30
.9P
1.WO
1.003
~.9fJ
k?
0.824
.698
.601
.564
.543
.23
.436
.3%
.374
.435
.332
.334
.19gg
.19
.19
.1*
.168
.218
.1~
.1%
.163
.175
.155
.165
.
J??
.o.3812
-.28%
-.23$
-.2162
-.19CQ
-.1824
-.llm?
-.lkp
-.1350
“-.1350
-.k2~
-.lz)l
-.1162
-.1072
-.1134
-.121_2
-.1192
-.1082
-.lcp
-.llgl
-.146
-.I.I-72
-.1216
-.1*
I
.
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TABLEV.- THEORETICALINC!QMPRXSSIBLECOEFFICIENTSOF
REISSNERAPPLIEDATASP~TRATIOZ?
i
k l/k
---
0.15 6.67
.20 5.00
.25 4.m
.40 2.50
.60 1.67
.80 1.25
1.00 1.00
8.08
11.01
14.50
24.20
33*5Q
44.70
52.50
ILI
m
o.g412
,9519
l9550
1.0106
1.1480
1.3050
1.5706
21 12
I
).93200.1315
.9344 .1819
.9244 .2396
.988 l3984
l9530 .6400
.9272 .9184
.95641.24$
I
6 ml
-10.25
-9.15
-15.28
-21.80
-26.00
-28.~0
-27.30
0.4684
.47C4
.4Y36
l5d+4
.5644
.6232
.7292
%2
-0.0848
-.0759
-.12g6
-.2020
-.2752
-.fi12
-.3768
TABLEVI.- THEORE?TICALINCOMPRESSIBLECOEFFICIENTSOF
IAWRENCEANDGERBERFORASPECTRATIO2
, l/k $ ---#& 71 la e *I ml %
0.I.258.0 8.9 0.787 0.7770.121 “5.0 0.455 o:~;;-0.039
.25 4.018.2 .802 .764 .250 -9*3 .457 -.0737
l5 2.035.3 .910 .743 .526-1 .9
?
.478 .~o -l231
1.0 1.054.6 1.1233 .7181.10 ‘2 .1 l583 .332 -.2!%
~
5
*
.
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TABLEVII.-TWO-DIMENSIONALINCCMPRISSIBLECOEFFICIENTSOFTHEODORSEN.
r
k l/k
10.20 ~.oo.30 3.33.40 2.50.50 2.00.60 1.67.80 1.251.OQ 1.001.20 .83
# ~ z~ 22 e rq .*fi~~2+l
-1.21 1.493 1.490 -o:;~7 -16.00.752 -0.2158
5.82 1.390 I=m -18.0 .703 -.2258
13.66 X.354 I.316 .so -19.~ .678 -.2400
21.35 1=365 1.271 .k97 -20.7 .667 -.25I2
28.4o 1.410 1.240 .672 -21.8 .665 -.2641
40.05 1.570 1.201 1.010 -23.k .681 -.2*8
48.60 1.784 1.179 1.339 -24.9 ln5
54.95
-.3306
2.029 1.165 1*661 -25.9 .763 -.3697
.
.
.
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TABLEVIII.-EXPERIMENTALDATASHOWINGEFFECTOFWIND-TUNNEL-WALL
..-—
“-” ‘- TORSIONALSPRINGD‘ IllFREONAN’lmsr’u-u!ilwis Full
P
6,153x IO-6
5,1$4
6,275
6,350
6,4$
6,507
6,536
6,581
6,644
6,695
6,728
6,810
6;839
6,881j
6,927
6,963
7,005
7,071
7,124
7,186
v
358
351
335
323
3cJi
296
292
282
270
262
254
239
231
221
212
203
lg2
176
160
143
M
).668
.654
.624
.601
.566
.552
l543
.524
.503
.487
.472
.443
.429
.410
l395
.378
l357
.327
.298
.267
k
).514
.527
35&
.621
.630
.649
.664
.694
l712
.731
l774
l818
.856
.879
l934
.996
L.065
..172
..317
qk
1.9+
1.90
1.81
1.71
1.61
1.59
1.%
1.51
1.44
1.40
1.37
1.29
1.22
1.17
1.14
1.07
1.00
.94
.85
.76
IIa
).01833
.01956
l02230
.02175
.01915
.01847
l01751
.01751
.01943
.02020
.02120
.02257
.02408
.02503
.02544
.026~
.02688
.02750
.02goo
.02goo
R
7.65X 106
7.55
7.30
7.10
6.81
6.69
6.63
::2
6.09
5=93
5.65
5.49
5.28
5.10
4.91
4.67
4.32
3.96
3*57
-M-
rpv2sc~a I
0.944
.932
.813
l749
.782
.914
1.013
1.1X
1.3A
1.284
1.350
L 182
19347
1.429
1.407
1.446
1.458
1.579
1.693
I.893
-0.251
-.174
-.104
-.og4
-.244
-.359
-.436
-.483
-.408
-l379
-.291
-.272
-.272
-.283
-.262
-.279
-.260
-.276
-.283
-.292
*
.
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Figure 1.-Diagram of oscillating mechanism and wing mounted in the Langley 2-by k-foot
flutter research tunnel. uU
36 NACMTN 424o
40
20
-20
-4Q
% <2 i10 ~< , A A
M
3 4P Q‘AA
u Q A“ A
q 3
0 6,presentpaper
q @, reference6 2 0 0 % o
A $Spresentpaper
O $, reference6 0
1.2
iLl
npv2csIal
.8
end
pcd “4
+c2slal
o
0 .1 .2 l3 .4 .5
k
c“o< >0 %$
o
0 0
q z q •1 qg
u
O Momentcoefficient,presentpaper
qMomentcoefficient,reference6
ALiftcoefficient,presentpaper
OLift coefficient,reference6
~
.1 .2 .3 .4 .5
k
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Figure 8.-Variation of theoretical md experiment mwnt phaae aogles with l/k for
torsional springs A and B.
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Figure 10. - Theoretical and experhental Mmplng-moment coefficients indicating tunnel-wall
effects plotted agaimt l/k for torsional spring D‘ . M = O.350(@).
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